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Abstract
We report mesasurements of the mobility of excess electrons in high density Helium gas. We investigated extended ranges of temperature [(2G 5 T 5 77) I<] and density [(0.05 5 N 5 12.0) a t~m s . n m -~] t,o ascertain the effect of temperature on the formation and dynamics of localized electron states. The main result of the experiment is that the transition from delocalized to localized states shifts to larger densities as the temperature is increased. This behavior can be understood in terms of a simple model of electron self-trapping in a spherically symmetric square well.
is represented by excess electrons in He gas, because the electron-atom interaction can be quite accurately represented by a hard-sphere potentia.1. At low gas density N and at high temperature T the electron wavefunction is delocalized and the electrons are quasifree. Their mobility, relatively high, is described by the kinetic theory. At high N and at low T there is a transition to a localized state of low mobility. The zero-field mobility po drops by several orders of magnitude [2, 3, 4, 5] (Fig.1) . In this work we have extended the investigation on the localization transition to higher temperatures. been completely observed only up to T M 35 I< only because the experimental cell can withstand pressures up to M 10MPa. However, it is evident that the transition occurs also at higher T provided that N is large enough.
Experimental Results
Discussion
Several theoretical models for the description of the quasifree electron mobility in dense noble gases have been devised based on the Boltzmann formalism of kinetic theory. Their common feature is the realization that multiple scattering effects concur to dress the electron-atom scattering cross section. It has also been suggested that when the ratio between the electron thermal wavelength AT and its mean which depends on the density of the environment. For He, because of its low polarizability, Vo is quite accurately given by the Wigner-Seitz [l] model and is shown in Fig.(4) where r , = (3/47rN)l13 and 21 is the electron-atom scattering length. Since thermally activated fluctuations of the density are present, also VO fluctuates and the electron can get temporarily localized in a virtual or resonant state above one such density fluctuation where the local density is lower than the average one. If the electron-atom interaction is repulsive (as in the case of He) and strong enough and if the fluctuation is sufficiently deep, there can be formation of a self-trapped electron state, whose stability can be determined by minimizing its free energy with respect to the quasifree state. We therefore assume that the localized electron resides in a quantum square well of spherical simmetry. Since the gas has no surface tension, we allow the bubble to be partially filled with density Ni. The elec- Owing to the low T and N only the lowest eigenvdue c1 of the electronic Hamiltonian is relevant. The excess free energy is given by [ l l ] A F = €1 + 6 +~v -Vo Once that the minimum excess free energy has been computed, the fraction of bubble and quasifree states is readily calculated as n B / n F = exp -AFB. The observed mobility is then a weighted sum of the contributicn of the mobilities of the two states. For the bubble states, the semi-hydrodynamic mobility ,UB = e / 6 n q R~( 1 + 9 n q / 4 N R~( 2 n r n k~T ) ' /~) has been used [la] , where q is the gas viscosity. For the description of the mobility of the quasifree state, we have used the results of the so called Padua model, succesfully exploited in Ne. The quasifree mobility is given by [6, 13] lo-' 4828 (1988) ' . . . -
wit 11 measured mobility is a weighted sum of the contribution of the two kind of electrons, quasifree and localized. A simple model of electron localization in a quantum square well explains the observed fact that the localization transition shifts to higher N as T increases. It also semiquantitatively describes the observed mobility. The agreement of the model with the data, however, is far from satisfactory. Among possible reasons to explain the discrepancy with the data, there could be the fact that the bubble mode! is a simpe two-state model and neglects the possibility that bubbles have a distribution of radii and filling fractions. Moreover, even the description of mobility of the quasfree electrons is not yet completely satisfactory.
References S(0) is the long-wavelength limit of the static structure factor and AT = h/d-.
The exponential factor in Eq.(4) is due to O'Malley. In Fig.(8) 3420 (1975) N.Y., 1974) Figure 8 : Zero-field mobility ,UO vs N for T = 2GK. The solid line is the quasifree mobility. The dashed line is 181 A.Ya.Polischuk, Physzca 124 C , 91 (1984) [9] C.C.Grimes and G.Adams, Phys. Rev. B 41, the weighted mobility.
show the results of the model for T = 26 I<. The low 6366 (1990) N side is correctly described by the quasifree mobility and the localization transition is qualitatively reproduced.
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